Objective: To examine the temporal changes in head and neck cancer in young adults in the United States.
until 1985, the estimated annual percentage change being 6.7% (95% confidence interval, 2.7%-10.8%; PϽ.001). After 1985, incidence rates stopped rising but remained steadily high. The change in tongue cancer incidence rates for young adults was related to birth cohorts between 1938 and 1948. The absolute increase in 5-year survival for tongue cancer ranged from 11.7% (Ͻ40 years old) to 6.6% (40-64 years old) between 1973-1984 and 1985-1997 , with the most significant improvement occurring in young Americans with regional or distant disease (27% and 21%, respectively).
Conclusions:
A sharp increasing trend in tongue cancer in young Americans may be attributed to persons born after 1938. The reason for the increase is uncertain. Improved survival rates in young patients suggest the emergence of a distinct disease process that is apparent in white but not black populations. Head Neck Surg. 2002; 128:268-274 T HE RESULTS of many studies [1] [2] [3] [4] [5] [6] [7] suggest that head and neck cancer, particularly oral tongue cancer, is increasing in young adults internationally. In the United States, Depue 4 found an increase in the tongue cancer mortality rate in adults younger than 30 years. The increase was cited as beginning in the mid1970s. In addition, Chen et al 7 reported that between the 1960s and the mid-1980s, men aged 30 to 39 years had a nearly 4-fold increase in oral cancer incidence in Connecticut. Results of a recent clinical analysis 8 indicated that the percentage of young patients in the total tongue cancer population seen at the M.D. Anderson Cancer Center (Houston, Tex) increased from 4% in 1971 to 18% in 1993. Franchesci et al 5 examined mortality trends from 24 European countries based on death certificates recorded between 1955 and 1989. Ten countries showed greater than a 2-fold increase in oral cancer for men younger than 44 years, and 3 countries showed a similar increase for women. The countries represented in this increase were principally those in central Europe, including Austria, Germany, Hungary, Poland, and Bulgaria. 5 Because incidence rates for overall head and neck cancer have remained stable and have even shown a declining trend since the 1970s, 6, 9 the increase in the number of young adult patients is concerning. Factors that may account for oral cancer in young adults remain unknown. Suspected etiologic agents include smokeless tobacco, 10, 11 various forms of drug abuse, 12 virus, 13 and host susceptibility factors. 14 However, no clear evidence exists to support the significance of any single determinant, including the role of tobacco. 15 The goal of this study is to update and confirm the changes of trend in the incidence of young adult oral tongue cancer and other head and neck cancers using a large cancer surveillance database in the United States. A unique feature of our analysis is the use of a new statistical method, joinpoint regression, to describe incidence trends and to establish the statistical significance of changes in trend.
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RESULTS
The SEER Program reported 63 409 patients with head and neck cancer (oral and pharynx: C000-C148) between 1973 and 1997. Of these, 3339 patients were younger than 40 years. Between the 1973-1984 and 1985-1997 periods, the overall incidence for head and neck cancer was stable. A slight decrease could be seen in 1985-1997 in groups aged 40 to 64 years and 65 years and older. However, the number of patients with head and neck cancer increased among Americans younger than 40 years during the same period. The increase seemed to be mainly caused by increased tongue cancer. Tongue cancer in young Americans ranked second to salivary gland cancer in all head and neck cancers and increased 62% comparing 1985-1997 and 1973-1984 . Laryngeal cancer showed no significant change in incidence during the 2 periods ( Table 1) . Table 2 gives race-and sex-specific age-adjusted incidence rates for tongue cancer according to 3 age groups and five 5-year intervals. Overall age-adjusted rates significantly increased in young Americans in both sexes. Rates increased only slightly in men aged 40 to 64 years and in women 65 years and older. Age-adjusted incidence increased almost 1-fold in the young white population during the past 25 years; from 0.11 in 1973-1984 to 0.19 in 1985-1997 in young white men and from 0.06 16 The site codes for tongue cancer cases used in this article are C019 (base of tongue), C020 (dorsal surface of tongue), C021 (border of tongue), C022 (ventral surface of tongue), C023 (anterior of tongue), C024 (lingual tonsil), C028 (overlapping lesion of tongue), and C029 (tongue, not otherwise specified). Only tongue cancer cases considered to be invasive (malignant), that is, with a behavior code of 3, are included in this analysis. Oral tongue cancers with histologic codes 9590 to 9989 (lymphomas) were excluded. The site grouping included in this analysis is consistent with that published previously by the SEER Program. 17 Between 1973 and 1997, in SEER Program areas, there were 76 patients whose race was unknown with tongue cancer. To keep the totality of cases, we included them to calculate overall incidence and survival rates.
MATERIALS AND METHODS
Incidence rates are expressed per 100000 population and are age adjusted using the direct method to the 1970 US population. We classified incidence data into 3 age groups (Ͻ40, 40-64, and Ն65 years) and calculated ageadjusted rates within the groups according to every calendar year from 1973 to 1997. To better describe tongue cancer data, we also calculated race-and sex-specific ageadjusted incidence rates in 5-year intervals beginning in 1973-1977 and extending to 1993-1997. We applied the joinpoint regression model to characterize trends in tongue cancer incidence to determine when the incidence started rising, when it peaked, and the degree to which it has returned to the background trend before the change. 18, 19 The approach allows more flexible and accurate analyses in detecting temporal changes in incidence over time, thus reducing the effect of possible variable observations. In the joinpoint model, the response variables for analysis are the natural logarithms of age-adjusted rates, and the independent variables are the calendar years of diagnosis. For tongue cancer data, we coded the values of years as 0 to 24, representing a calendar year range from 1973 to 1997. We fitted the heteroscedastic/ uncorrelated error joinpoint model and conducted a series of permutation tests based on 1000 Monte Carlo replicates. The models were estimated by use of weighted least squares, with the weights proportional to the inverse of variance of age-adjusted rates. For each hypothesized model, the best-fitting joinpoints were found by use of a grid search algorithm. In the courses, we first tested H 0 (no joinpoints) vs H ␣ (3 joinpoints). The testing then proceeded sequentially and decreased the number of joinpoints under the alternative hypothesis by 1 if 3 joinpoints are insignificant. The statistics derived from these models are the estimated annual percentage change (EAPC), 95% confidence intervals (CIs) for the EAPCs, and any possible joinpoints (calendar years) at which there is a change in the trends.
To explore the possible effects of birth cohort on tongue cancer incidence rates over time, we calculated 5-year birth cohort incidence rates according to the method of Robertson and Boyle. 20 We stratified the incidence data into 22 birth cohorts (1883-1887, 1888-1892, . . . , 1983-1987, and 1988-1992) , based on SEER Program data with 18 age groups (0-4, 5-9, . . . , and Ն85 years) and 5 periods (1973-1977, 1978-1982, . . . , and 1993-1997). All individuals 85 years and older were assumedly classified as the 85-to 89-year-old group. In the stratification, each age group was split into 2 constituent cohorts.
In this descriptive analysis, we further calculated sex-, race-, and stage-specific 5-year relative survival rates according to 2 periods, 1973-1984 and 1985-1997 . The analysis excluded patients with a tongue cancer diagnosed as a second or later cancer, patients whose cancer was identified only by a death certificate or autopsy report, and patients with unknown survival time. Classification of tumor stage was based on the standard of SEER Program historic stage A.
to 0.10 in young white women. Rates fluctuated in the nonwhite population, although an obvious upward incidence with time could be seen in young black women. Figure 1 displays incidence trends for tongue cancer and the fitting curves of the joinpoint regression model. Incidence trends for young and old Americans changed at different rates. In Americans younger than 40 years, there was a significant upward trend from 1973 through 1997 ( Figure 1A ). The overall EAPC was 2.69 (95% CI, 1.4-4.1; PϽ.001) during these 25 years. A sharp acceleration was seen from 1973 until 1985, with the EAPC being 6.68 (95% CI, 2.7-10.8; PϽ.001). The significant joinpoint was at the year 1985 (95% CI, 1979 CI, -1989 . After 1985, the incidence stopped rising but remained steadily high (EAPC, 0.002; 95% CI, −2.7-2.9). In contrast to young Americans, however, the age-adjusted incidence trends for Americans older than 40 years remained level ( Figure 1B-C) . The EAPCs in slope were 1.13 for the group aged 40 to 64 years and 0.31 for those 65 years and older from 1973 to 1997.
Examining changes in cohort-specific incidence rates by age groups show increased incidence rates in individuals born between 1943-1947 in all workable age groups (ie, 30-34, 35-39, 40-44, and 45-49 years) (Figure 2) . The effect of birth cohort was particularly evident in the incidence curve of the group aged 35 to 39 years. A large (Figure 2A) . Cohorts born after 1947 also showed an upward trend among Americans younger than 40 years. Although we calculated cohort-specific rates for the group 65 years and older according to subgroups aged 65 to 69 years, 70 to 74 years, 75 to 79 years, 80 to 84 years, and 85 years and older, we could not present these curves owing to overlapping incidence rates. In the group 65 years and older, the earliest birth cohort was 1883-1887 and the latest was 1923-1927; their incidence rates were 8.35 and 8.43, respectively. Table 3 gives 5-year survival rates for patients with tongue cancer by age group and period. During 1985-1997, survival declined with increasing age: 70.6% for the group younger than 40 years, 49.8% for those aged 40 to 64 years, and 45.8% for those 65 years and older. From 1973 to 1997, 5-year survival rates for tongue cancer increased in all age groups. The absolute increase in survival was largest in Americans younger than 40 years (11.7%; P=.009). Survival improvement was more pronounced in young patients who were male, white, and at an advanced tumor stage. However, survival rates somewhat decreased in young nonwhite patients. Five-year relative survival in 1985-1997 for young patients with local stage, regional stage, and distant stage tumor were 83.6%, 52.7%, and 44.3%, respectively. More than 20% survival improvement was seen in young patients with regional or distant stage compared with data from 1973-1984. The absolute increase in survival was only 3% in young patients with localized disease. Among older Americans, the increased survival rates were similar in different sexes, races, and stages, except for the black population aged 40 to 64 years, which showed a decreased survival rate.
Between 1973-1984 and 1985-1997 , the stage distribution of tongue cancer did not significantly change in the 3 age groups ( Table 4) . Fifty-five percent of young patients were at the localized stage. The proportion of local-stage disease was approximately 30% to 40% higher for younger patients than for older patients.
COMMENT
The present study exhibits a significantly increased trend of tongue cancer in Americans born after 1938. The acceleration began in 1973, peaked in 1985, and subsequently has been stable. In contrast to oral tongue cancer, the incidence rates of other head and neck cancers in younger Americans, such as cancers of the pharynx and larynx, remained relatively stable during the same period. The marked increase in tongue cancer in young Americans is particularly impressive compared with the stable incidence in older populations. Tongue cancer is a rare malignancy in young adults; therefore, we need to interpret the trends with caution. We do not think that rate fluctuations, caused by relatively small numbers in several single years, would change the direction of the trend owing to true randomness. On the other hand, joinpoint regression modeling actually accounts for the limited robustness of data and allows us to improve accuracy in trend estimates. It seems unlikely that certain artefactual factors, for instance, improved diagnostic methods, various screening activities, and changes in tumor coding, have led to an increased incidence trend for tongue cancer in young Americans. First, diagnostic methods have not significantly changed for tongue cancer since the 1970s. Second, no specific screening strategies for head and neck cancer in the SEER Program registries have existed during the past 25 years. In addition, the SEER Program has not instituted any changes in either anatomic or histologic coding.
Our analysis reveals that the most significant increase in tongue cancer in young Americans was related to birth cohorts between 1938 and 1948. If birth cohorts since 1938 are primarily responsible for the increase in young adult tongue cancer, then a similar cohortspecific increase should also emerge in other age groups as the population ages. In fact, we found an increase in cohort-specific incidence rates in the age groups of 40 to 44 and 45 to 49 years when corresponding birth cohorts are available (Figure 2 ). This suggests that birth cohorts since 1938 may have experienced a changing carcinogenic effect on the oral tongue, carcinogen(s) distinct from those contained within tobacco. According to the National Health Interview Survey, the prevalence of cigarette smoking has markedly decreased among Americans since the mid-1960s. 22 Similarly, cigarette smoking prevalence among youths also declined sharply in the 1970s, although the decline slowed significantly in the 1980s. 23 Similar to cigarette smoking, alcohol use shows a decline since the 1970s. 24, 25 Results of other studies 9, 26, 27 indicate that smoking-related cancers such as those of the lung, larynx, and oral cavity are actually declining in North America. Age-specific analyses of lung cancer revealed that rates in males first declined at younger ages and then for each older age group successively over time. 26 Our analysis of upper aerodigestive tract cancers other than tongue cancer would support that conclusion (Table 1) . Thus, some time-dependent factors associated with changing behavior and environmental exposures should be reviewed in relation to the decreasing effect of tobacco use and alcohol consumption.
One such factor may be smokeless tobacco use (moist snuff and chewing tobacco). There has been strong evidence that smokeless tobacco can cause oral cancer and precancerous oral lesions (leukoplakia). 7, [28] [29] [30] [31] Smokeless tobacco use has increased dramatically in the United States during the past 30 years. 28, 32 An unexplainable fact, however, is that young American women showed significant increases in tongue cancer from 1973 to 1997 but their prevalence of smokeless tobacco use is extremely low, only 0.3%, 33 and has not significantly changed since the 1970s. Likewise, smokeless tobacco should induce can- cer in regions where it is held in contact, such as the cheek or gum, but the incidence of these nontongue oral cancers has remained relatively stable.
Another significant factor may be marijuana use. Approximately 31% of the US population 12 years or older in 1992 had ever used marijuana. 34 The prevalence of marijuana use sharply increased in the United States in male and female teenagers and young adults in the mid-to late1960s, that is, in cohorts born between 1941 and 1955 (Figure 3) . [34] [35] [36] Assuming that marijuana use is associated with cancer risk with an induction or latency period of 20 to 30 years, persons born between 1941 and 1955 will be the earliest possible group to experience and clinically manifest elevated risks of tongue cancer. The assumption seems consistent with our findings (ie, a higher incidence of tongue cancer in birth cohorts beginning in 1938). The carcinogenic effect of marijuana has been concluded from a series of case report, laboratory, and experimental evidence. [37] [38] [39] [40] Recently, Zhang et al 41 reported a dose-dependent association between marijuana smoking and head and neck cancer risk. The risk was more pronounced in young patients. 41 However, current studies could not prove causation between marijuana use and tongue cancer; therefore, a well-designed study is necessary in the future.
A third suspected factor may be human papillomavirus (HPV) infection. There is evidence for the correlation of HPV infection with oral cavity carcinoma. 42 Positivity for HPV in oral neoplastic tissues varies from 14% to 91%. [43] [44] [45] An approximately 5-fold higher expression of HPV can be seen in oral squamous carcinoma than in normal oral mucosa. 43 Two types of HPV (types 16 and 18) seem to be carcinogenic and show a close correlation with p53 mutation. 46 Results of laboratory studies show that HPV integration into the oral epithelial cell genome will lead to cellular immortalization and set the stage for enhancing the carcinogenic potential of relevant chemical compounds. 47 To date, however, we are not clear whether HPV infection increases over time in young Americans, and the increase is one of the responsible factors for the rising trend of oral tongue cancer.
In our analysis, the stage and survival characteristics of tongue cancer in individuals born since the early 1940s suggest a distinct disease process. In these younger Americans, the disease typically presents itself in earlier stages and is associated with a higher 5-year determinant survival rate than in older adults. This observation supports the conclusions of Lacy et al, 48 who, likewise, concluded in their analysis of a hospital registry that young adults have a more favorable disease process. Approximately 56% of the young adults in the SEER Program presented with localized disease compared with 37% and 43% localized disease in the 40 to 64 year olds and those 65 years and older, respectively. We found that 5-year survival of 70.5% in young patients in 1985-1997 reported by 9 SEER Program registries was comparable with that seen in several other hospital-based observations. 8, 49, 50 The 5-year survival rate did not appreciably change in young patients with localized disease between 1973-1984 and 1985-1997 . In contrast, 5-year survival has improved more than 20% in young patients with regional and metastatic disease. The improved survival rate and earlier staged disease were not observed in the young black population, which has a dismal prognosis and a far greater percentage of individuals dying of metastatic disease. This suggests the possibility that various socioeconomic strata are contributing to the emergence of a distinctly different disease process. The survival disadvantage for young black patients with tongue cancer needs further investigation.
CONCLUSIONS
There has been a sharply increasing trend in the incidence of tongue cancer in young Americans since the mid1970s. The increase may be attributed to persons who were born between 1938 and 1947 and is associated with a less virulent disease course. One contributing factor for the rising trend of tongue cancer in young Americans may be the use of marijuana. Its possible association should continue to be monitored. In addition, other etiologic clues may be gleaned from the changing incidence patterns associated with race and, most likely, socioeconomic status. One must look to lifestyle factors that changed during the 1940s that seem to be more prevalent in the higher socioeconomic strata. Potential factors are diverse and could reflect changes in dental care, diet, food processing, nutritional supplementation, sexual habits, etc. The potential for interaction of each of these factors on biologic processes involving oral tongue mucosa must also be considered. The concern is that observed trends are a "tip-of-the-iceberg" phenomenon. As the current North American population ages, will the incidence of this changing tongue cancer disease process also increase? Continued vigilance involving this phenomenon is required. 
